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CHRONIC SUBDURAL HEMATOMA
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Chronic subdural hematoma may be defined as hematoma within
the subdural space, limited by a fibrous envelope and covered on
the arachnoidal surface by mesothelium. Clinically, it is charac-
terized by symptoms which appear, after a variable latent period,
following cerebral trauma. Marked physical debility aand psy-
chopathic changes may ensue, and it is only the comparatively recent
understanding of the true nature of the condition, together with
the development of neurological surgery that has brought about an
increasing number of cures of these patients.
Historical. The first authentic report of this condition was that
of Johannes Wepfer"9 in I657. At necropsy, on a patient who
died shortly after an "apoplectic stroke", he found a large blood-
filledcyst beneath the dura. In I747 Morgagnit' reported a similar
finding on a patient who died several days after an "apoplectic" at-
tack.
Houssard5, in 18I7, made the first important contribution re-
garding the nature of this condition by describing the clot and its
enveloping membranes, and by attempting to explain the method
of their formation. Following this, the subject passed through a
period of involved explanations of the histology and etiology by
various observers until I857. In that year, Virchow18 publsihed a
memorable paper in which he accurately described the histology of
the membranes and offered a more likely explanation of their forma-
tion. He recognized two forms of subdural hemorrhage; the spon-
taneous form, occurring in hemorrhagic and vascular diseases, and
the traumatic type, following rupture of the large vessels. In the
spontaneous type, he ascribed the formation of the hematoma to a
process of "chronic inflammation" in the dura, followed by fibrin
formation and the proliferation of capillaries from the dura. He
suggested that these capillaries, during a period of hyperemia, might
rupture, thus giving rise to a progressive clinical and pathological
picture. The processes following trauma were not described.
These views were almost universally accepted until the latter
part of the nineteenth century when various aspects of Virchow's
paper were refuted. Kremianskyl° concluded that the fibrin forma-YALE JOURNAL OF BIOLOGY AND MEDICINE
tion and vascular organization followed engorgement of the middle
meningeal artery, occurring in infectious disease. Huegenine be-
lieved the vascularity to be due to organization of the clot, and con-
sidered trauma as a major cause. This latter opinion was held by
Jores7, Laurent8, and van Vleuten71, who at that time undertook a
comparative study of the spontaneous and traumatic forms of sub-
dural hematoma.
In Great Britain, further investigations were made by Wigles-
worth20, G. M. Robertson"5, FordRobertson'4, and Barrett-. These
studies dealt chiefly with the spontaneous type of hemorrhage and
postulated various hypotheses as to its cause. Ford Robertson rec-
ognized traumatic hemorrhage from the pial vessels, with a subse-
quent progressive process giving rise to repeated hemorrhages with-
in the hematoma. Attempts by Barrett to prove a bacterial origin
for subdural hematoma failed to show any evidence to support this
hypothesis.
A review of the subject makes it evident that little attention has
been given to trauma as an etiological factor in the production of
subdural hematoma. The literature on this phase of the subject is
for the most part made up of case reports, the most notable being
the series of Henschen4 in which he compiled 246 cases. More
than 8o cases have been reported by Brion3 and by Bowen2, and a
large number by Kasemeyer9.
The interest in the traumatic type was aroused by the excellent
paper of Trotter"6, who was able to find little justification for the
assumption of atruly spontaneous type of subdural hematoma. The
most recent and complete treatise on the subject is that of Putnam
and Cushing"2.
Theories. At the present time there are two commonly ac-
cepted theories regarding the nature of the hematoma; one, that
there is an initial hemorrhage with subsequent repeated hemorrhages
from the capillaries of the organizing clot; the other, that there is
a single initial hemorrhage followed by organization.
In accord with the former hypothesis, the clot undergoes pe-
ripheral organization with the formation of numerous fragile capil-
laries. These become hyperemic and rupture under stress, adding
new blood to that which has not yet organized. Whether the incit-
ing cause is "inflammatory" or traumatic is a debated question.
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Trotter holds to the latter view, and traces three stages in the clinical
course, corresponding to the progressive pathological changes. They
are as follows: a) stage of physical compensation, in which there is
displacement of some of the intracranial contents, namely, blood
from the veins and cerebrospinal fluid; b) stage of cerebral venous
congestion, which occurs when the venous return is reduced to such
an extent that it is unable to compensate for the normal arterial sup-
ply; c) stage of cerebral capillary anemia, in which a further in-
crease of pressure displaces blood from the capillaries. With a slow
compression of the brain, the first stage is tolerated, while the sec-
ond stage is manifested by increased excitability of the nervous tis-
sues, producing twitchings, irritability, and restlessness. The third
stage is associated with definite impairment of function. This explains
the so-called "latent interval" of Bowen, which precedes the signs
and symptoms of cerebral compression.
In the latter theory, that oforganization of a single initial hemor-
rhage, there is an uninterrupted organization extending from the
periphery to the center of the clot. The initial cause is assumed to
be entirely traumatic. This theory is inadequate to explain the
progressive nature of the clinical symptoms.
Experimental. By injecting blood into the subdural space in
cats, Putnam and Putnam"3 have been able to duplicate essentially
the pathological picture of chronic subdural hematoma in man. In
the early stages, a thin membrane of fibrous tissue, covered with a
single layer of mesothelial cells, constituting the so-called "neomem-
brane", forms the arachnoidal surface of the hematoma. In the
later stages the neomembrane thickens and numerous strands of
connective tissue, containing capillaries, invade the clot from all
sides. They designate the layer just beneath the dura as the sub-
dural membrane, and they describe numerous mesothelial lined
spaces within it. No connection between these and the capillaries
could be demonstrated by injection of the latter with India ink.
In experiments carried out in this laboratory, observations were
made on subdural hematomata after periods varying from several
hours to six months, with essentially the same results as those re-
ported by Putnam. It has not been possible to produce experi-
mental chronic subdural hematoma of a progressive type, and no
satisfactory explanation as to its cause has yet been given.
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Pathology. The subdural hematomata vary from a microscopic
clot to a huge cyst, extending from the frontal to the occipital pole,
and displacing a large part of the cerebral hemisphere. They are
usually elongated and tend to lie with the long axis in an anteropos-
terior position. The clot is enclosed by two membranes which fuse
at the borders and form a narrow fringe which spreads out upon the
arachnoid. The surface is greenish-brown in color and roughened,
especially on the dural aspect, by fine fibrous adhesions. Section
shows the membranes to be quite firm and unequal in thickness,
the subdural membrane being thicker than that next to the arachnoid.
Many fibrous bands from the linings of both project into the clot
and are adherent to it. Usually dark green or "coffee-colored"
fluid is found within the cyst.
Microscopically, the enclosing membranes are essentially fibrous
tissue. The subdural portion of the neomembrane is extremely
cellular and contains many capillaries, giving the appearance of
granulation tissue. The dura shows no significant change, but, un-
derlying it, and separated from it by a very thin layer of fibroblasts,
are found large spaces, lined by mesothelial-like cells, which are
usually empty but may contain red blood cells, fibrin and debris.
Throughout the membrane pigment, leukocytes and red blood cells
are found. The neomembrane adjacent to the arachnoid is a com-
paratively avascular layer of fibrous tissue covered with mesothelial-
like cells.
Symptomatology. The symptoms of subdural hematoma fol-
lowing trauma appear after a variable "latent period" which may
be as long as several years. This must be differentiated from the
"lucid interval" which precedes unconsciousness in the acute type of
subdural hemorrhage. The symptoms are those of general in-
creased intracranial pressure and those of localized compression.
There is no definite sequence in which they occur, although head-
ache is frequently the first complaint. Mental changes, blurring
of vision, vertigo, and vomiting may occur following general pres-
sure; and paresis, sensory disturbances, convulsions, or aphasia as a
result of local pressure. Localizing signs and those of general pres-
sure are found on neurological examination. The combinations of
signs and symptoms are quite variable. A marked personality
I4CHRONIC SUBDURAL HEMATOMA
change is especially frequent, usually characterized by irritability,
restlessness, and slovenly habits.
Treatment. The recognized treatment is the elevation of an
osteoplastic bone-flap over the suspected area. If a bilateral hema-
toma is anticipated, craniotomy should be done on both sides, other-
wise the clot on the contralateral side may undergo enlargement.
The most common complication following operation is cerebral
edema, which is best controlled by the intravenous injection of
hypertonic glucose. The postoperative course may be quite stormy,
but the prognosis is usually favorable; most of these patients being
completely cured.
Report of Cases. Case i. Onset of symptoms six weeks fol-
lowing head trauma; operation two weeks later, craniotomy, re-
moval of clot; uneventful recovery.
An Italian laborer, 50 years of age, was admitted to the hospital
on July 2I, I929, following an automobile accident. He was first
seen in the accident room in a semiconscious condition, but became
fully conscious and oriented within several hours. Fifteen years
previously he became subject to severe headaches which would last
about two weeks. These disappeared spontaneously eleven years
ago. His past history was otherwise essentially negative. Physical
examination on this admission showed a large hematoma over the
right eye, but no localizing signs suggestive of intracranial injury
could be demonstrated. Roentgenograms of the skull were nega-
tive. During three days in the hospital he developed no positive
signs and at the end of that time was discharged "against advice".
He was able to return to his work but suffered a continual head-
ache over the right eye. The morning of September 6, on arising
from his bed, he suddenly fell to the floor, and on attempting to rise
he found that he had a marked weakness of the left arm and leg.
Soon after, hesuffered a marked mental change and became extreme-
ly irritable. The "barking of dogs" in his head was a frequent com-
plaint. September I9 he had a sudden attack of dizziness and since
then he has been drowsy most of the time. He was readmitted on
September 20, I929.
Neurological examination showed the following positive find-
ings: Bilateral papilledema of one diopter; slight left facial paresis
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of the supranuclear type; weakness of left arm and leg; hyperactive
deep reflexes more marked on the left; pulse varying from 80 to 50.
Lumbar puncture yielded I0 cc. of clear fluid at an initial pres-
sure of 220 mm. of water. There were 7 cells per cubic millimeter;
5 lymphocytes and 2 large mononuclears. The Kahn reaction was
four plus; colloidal gold curve was OOI2453000.
A diagnosis of chronic subdural hematoma of the right parietal
region was made; also syphilis of the central nervous system.
On September 25, I929 a large right parietal osteoplastic bone-
flap was elevated exposing a tense dura of greenish color. It was
opened and a large, well-organized, encapsulated subdural hema-
toma was disclosed, extending for a distance of about 5 cm. an-
teriorly, medially, and posteriorly beyond the margins of the bone-
flap. It was incised and about 50 cc. of dark brown fluid escaped.
The entire hematoma was then removed after freeing many light
adhesions binding the outer membrane to the dura. The inner
membrane was free from the arachnoid. At the margin of the
middle meningeal artery there was a moderate amount of fibrin
lying on the surface of the dura.
The postoperative recovery was uneventful. His headaches dis-
appeared and he rapidly improved mentally. His papilledema sub-
sided and the left-sided weakness improved. He now shows no
residual signs or symptoms.
Pathological examination revealed several pieces of dark red tis-
sue measuring 5 to 6 mm. in thickness. They were somewhat elas-
tic in character, and to them was attached a greenish-brown, slightly
roughened membrane. Microscopic sections showed the blood clot
to be between two layers of fibrous membrane, a thick outer and a
thin inner layer. These two membranes surrounding the hematoma
united at one border of the clot to form a common membrane of or-
ganizing connective tissue. Fibroblasts and capillaries were numer-
ous and invaded the clot. Small accumulations of darkly-staining
mononuclear cells, red blood cells and old blood pigment, most of
which was phagocytized, were found throughout the areas of organi-
zation. The pathological diagnosis was chronic subdural hematoma.
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Case 2. Onset of symptoms three months following head
trauma; operation four months later, craniotomy, removal of
clot; uneventful recovery.
An Hungarian male, 55 years of age, referred to the hospital
by Dr. D. P. Griffin of Bridgeport, Conn. was admitted September
4, I930 with a complaint of headaches, personality changes, and
right-sided weakness.
On January 7, 1930, the patient was injured in an automobile
accident. He was thrown by the impact, striking the left side of
his face and body against the coat-rail, sustaining a broken arm and
a small frontal laceration on that side. He was taken to the Nor-
walk Hospital in an unconscious condition and remained so for sev-
eral hours. The scalp laceration and the broken arm were treated
and he remained in the hospital for five days. After a further con-
valescence of three months at home he attempted to resume work
but was unable to do so because of weakness. About this time his
vision began to fail and he found that his glasses did not correct the
condition. During the first week of August he became moody and
irritable, and complained of severe frontal headaches. About the
middle of August his family noticed that his memory was impaired
and that he had difficulty in answering questions, although he ap-
parently understood them. He became slovenly in his habits and
was frequently incontinent of urine. During the third week of
August a weakness of theright arm andlegdeveloped and heshowed
a tendency to lean to that side while standing or walking. The
weakness progressed and during the week before admission he had
slight twitching of the right upper extremity, but no marked con-
vulsions. There was no loss of consciousness and no nausea or
vomiting.
Neurological examination revealed the following positive find-
ings: Marked motor aphasia; blurring of the disc margins; papil-
ledema of one diopter on the right; paresis of the right upper and
lower extremities; leaning to the right on standing and walking;
spasticity and hyperexcitable deep reflexes of the right extremities
with right ankle clonus; positive Babinski, right; abdominal and
scrotal reflexes were absent on the right.
The impression was chronic subdural hematoma of the left front-
al and parietal region.
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Roentgenograms and laboratory data were negative.
On September 5, I930 an osteoplastic bone-flap was lifted in
the left temporoparietal region. The dura thus exposed was found
to be under considerably increased tension and appeared greenish-
blue in color. It was opened and found to be adherent to a large
subdural hematoma which disappeared beneath the bone edges, and
extended about 4 cm. posteriorly from the edge of the bone-flap, an-
teriorly to the frontal pole, and superiorly to the falx. The in-
ferior border followed the Sylvian vessels into the anterior portion
of the middle fossa. A cortical vessel was found attached to the
hematoma and was clipped. After dissection of the fibrous ad-
hesions to the dura it was easily lifted from the arachnoidal surface
and removed intact.
The patient made an uneventful recovery. Within one week he
showed a marked mental improvement, being much less irritable
and melancholy. At the end of two weeks he was jovial, bright
and cooperative, and had attained his previous mental status. At
three weeks postoperatively the paresis and motor aphasia had almost
entirely disappeared and the papilledema had receded. He was
discharged on September 27, I930.
Pathological examination showed a large greenish-brown cyst
whose surface was roughened by many light fibrous adhesions. It
measured I4 X 5 x 3 cm. Section revealed a gelatinous, chocolate-
colored material, mixed with a small amount of clot, which was for
the most part adherent to the roughened lining of the cyst. The
subdural portion of the neomembrane measured 0.5 cm. at its thick-
est portion. The neomembrane toward the arachnoid measured
2 mm. in thickness. Both were gray in color and tinged with a
greenish-brown pigment, especially at the periphery. Microscopi-
cally the sections showed an organizing blood clot between twolayers
of fibrous tissue, the outer being thicker than the inner. At one
border of the section the thinner, less dense outer layers of the mem-
branes fused to form a fringe, the more dense inner layer of connec-
tive tissue closely encircling the clot at this point. No spaces with
mesothelial-like lining were found in the subdural portion of the
neomembrane, but its peripheral portion was quite vascular and it
contained blood pigment, both free and phagocytized. The arach-
noidal portion was similar in structure except for the presence of
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FIGURE I.
CASE 2. HEMATrOMA REMOVED INTACT AT OPERATION. THE SUBDURAL
PORTION OF THE NEOMEMBRANE IS SEEN. ITS FUSION WITH THE NEOMEM-
BRANE ADJACENT TO THE ARACHNOID FORMS THE FRINGE.
FIGURE II.
CASE 2. PHOTOMICROGRAPH SHOWING FUSION OF THE TWO LAYERS OF
NF.OMI!MB3RANE. THE DENSER PORTION IS ADJACENT TO THE CLOT.CHRONIC SUBDURAL HEMATOMA I9
large thick-walled blood vessels. There was fibrous organization
throughout the lining of the cyst. The pathological diagnosis was
chronic subdural hematoma.
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